Objective: Many ADMs can alter blood pressure (BP), but the research on the effect of antidepressant medication (ADMs) on incident hypertension is mixed. We investigated whether the use of ADMs was associated with the subsequent development of hypertension.
Primary care physicians manage hypertension and antidepressant medications (ADMs) almost every day. The age-adjusted prevalence of hypertension is 29.6% among the adult population in the United States. Of those with hypertension, only 48% achieve control of their blood pressure. Hypertension is directly related to both heart disease and stroke, which are counted as the first and fourth leading causes of death in the United States, respectively. 1 Given the serious outcomes associated with hypertension, physicians must be mindful of iatrogenic causes of hypertension, which can include frequently prescribed medications. Recent data suggest that 10% to 11% of Americans age 6 years and older are treated with ADMs in a given year. 2, 3 Some concern has been expressed as to the safety of ADMs with regard to hypertension, especially when considering certain classes of ADMs. In a cohort of depressed participants with low rates of hypertension at baseline, treatment with ADMs was associated with an increased risk of developing hypertension. 4 The same study showed a stronger link between tricyclic antidepressants (TCAs) and hypertension than between selective serotonin reuptake inhibitors and hypertension. However, that study did not contrast ADMs known to increase blood pressure (BP) against those that do not, and the association of individual ADMs and incident hypertension was not studied. 5 A separate study showed an association between serotonin norepinephrine reuptake inhibitors (SNRIs), espe-cially venlafaxine, and severe hypertensive events. However, the study examined only psychiatric inpatients and did not investigate the development of hypertension itself. 6 Among ADMs associated with increasing BP 7 , TCAs are the best studied. SNRIs-venlafaxine in particular-have also been associated with elevated BP. 7 However, a review of the literature revealed little research on whether BP-altering ADMs are associated with an increased risk of hypertension in primary care populations. ADMs are increasingly being prescribed for conditions other than depression, and high rates of prescribing TCAs for insomnia, pain, and migraine could be contributing to hypertension. 8, 9 Given the large number of patients exposed to ADMs, determining whether ADMs associated with BP changes are also associated with risk of hypertension would inform prescribing and determine whether some ADMs may lead to adverse physical outcomes, that is, hypertension. This study was designed to estimate the association between the use of ADMs that increase BP, ADMs that have no BP effects, and no ADM use and the risk of incident hypertension.
Methods

Subjects
Data were available from 33,661 patients from the Saint Louis University, Department of Family and Community Medicine's Primary Care Patient Data Registry (PCPD). The PCPD contains deidentified data for patient who visited any of the 3 academic family medicine clinic locations or any of the 3 general internal medicine clinic locations between July 1, 2008, and June 30, 2015. These primary care clinics are in the St. Louis, Missouri, metropolitan area and include both urban and suburban locations.
The PCPD contains patient diagnoses, prescriptions, laboratory results, referrals, social history, vital signs, and demographics. Additional descriptions of the PCPD have been previously reported. 10 -19 The creation of the PCPD for primary care research was approved by Saint Louis University's Institutional Review Board.
Eligibility criteria for this study included age Ն18 years (n ϭ 31,569) and having complete demographic data (n ϭ 30,627). All patients must have had at least 1 visit in the 2-year washout period (July 1, 2008, to June 30, 2010) and at least 1 visit in the 5-year follow-up period (July 1, 2010, to June 20, 2015) ; these criteria reduced the sample to 10,106. Because the outcome is time to incident hypertension in the follow-up period, patients with existing International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) diagnosis for hypertension in the washout period were removed, resulting in a final sample size of 6244 primary care patients free of diagnosed hypertension who initiated an ADM at some time during follow-up. Follow-up time was defined as months from July 1, 2010, to the date of incident hypertension or the censored date, which is the date of the last visit in the registry if no incident hypertension was present.
Outcome Variable
Incident hypertension diagnosed after an ADM was initiated was defined by a single instance of ICD-9-CM code 401x, if the code was assigned as the primary reason for the clinic visit.
Exposure Variable ADM treatment was defined by Ն1 prescription for or the presence on a current medication list, as provided by the patient during the history, of 1 of the following ADMs: selective serotonin reuptake inhibitors (citalopram, escitalopram, fluvoxamine, fluoxetine, paroxetine, sertraline, and vilazodone), SNRIs (venlafaxine, duloxetine, milnacipran, and desvenlafaxine), TCAs (amitriptyline, desipramine, doxepin, imipramine, nortriptyline, trimipramine, clomipramine, maprotiline, protriptyline, amoxapine), nonclassified ADMs (bupropion, nefazodone, trazodone, and mirtazapine), and monamine oxidase inhibitors (selegiline, phenelzine, tranylcypromine, and isocarboxazid). We did not require a minimum dose or duration of treatment and did not measure poly-ADM use.
Based on package insert warnings about effects of the drugs on BP, we classified all monamine oxidase inhibitors, TCAs, SNRIs, and bupropion as ADMs that can increase BP. All other ADMs were considered to not increase BP. We created a 3-level ADM variable: (1) ADMs that can increase BP (ADM BPϩ), (2) ADMs that do not increase BP (ADM BPϪ), and (3) no ADM use. ADM use was treated as a time-dependent exposure because it could have started at any time before the incident hypertension or censor date, and, once started, a patient was considered to have continued until the end of follow-up. ADM exposure status was modeled as an intent-to-treat protocol.
Covariates
We selected covariates based on previous or posited associations with hypertension and depression. Demographics included mean age, race (white vs any other race), gender, marital status (married vs other), and neighborhood socioeconomic status (nSES). nSES uses US Census information and zip codes to compute an nSES index based on zip code-level information such as median income, education, employment, poverty level, and median household value. The nSES index was dichotomized into high and low, based on a median split. 20 Volume of health care use was computed by generating the distribution of mean clinic visits per month and was used to control for detection bias. The distribution was categorized into quartiles, and the top quartile was considered high utilization.
Comorbidities were derived from the ICD-9-CM code given as the primary reason for a clinic visit, with the exception of substance use disorders, which, because of a low prevalence, were derived from all diagnoses, including the problem list. Comorbidity and health behaviors included obesity, depression, any anxiety disorder, substance use disorders, type 2 diabetes, vascular disease, hyperlipidemia, and smoking status.
Obesity was defined as a body mass index Ն30.0 kg/m 2 and/or an ICD-9-CM diagnosis. Many specific anxiety disorders-for example, panic disorder, and social phobia-were uncommon in our data set. Therefore, we created a composite variable called "any anxiety disorder." Any anxiety disorder was defined by ICD-9-CM codes for the following conditions: anxiety disorder unspecified, generalized anxiety disorder, panic disorder, obsessive compulsive disorder, social phobia, or posttraumatic stress disorders. Depression was defined by ICD-9-CM codes 296.2, 296.3, and 311. We required 2 diagnoses within the same 12-month period for both anxiety and depression because this criterion, compared with a single occurrence, has good agreement with chart abstraction and self-report when applied for depression. 21, 22 We followed the same logic for anxiety. All other conditions were defined by a single instance of an ICD-9-CM code. Substance use disorder included diagnostic codes for any alcohol or drug abuse or dependence. Vascular disease was a composite variable defining either cardiovascular or cerebrovascular diagnoses. Finally, current smoking status was based on social history data and/or ICD-9-CM diagnosis and was coded as current smoking or not (never and former smokers).
Analytic Approach
This retrospective cohort analysis was conducted using SAS version 9.4 (SAS Institute, Cary, NC) at ␣ ϭ 0.05. Bivariate analyses using the 2 test for categorical variables and 1-way analysis of variance for continuous variables assessed the relationship of ADM treatment group with incident hypertension (yes vs no) and covariates. Cox proportional hazards models were used to calculate hazard ratios (HRs) and 95% confidence intervals (CIs) for time to incident hypertension. Crude and adjusted models for the relationship of ADM group and time to incident hypertension were applied before and after adjusting for all covariates. Substance use disorder, depression, any anxiety disorder, obesity, hyperlipidemia, type 2 diabetes, and vascular disease were treated as time-dependent covariates because they could have occurred any time before the end of follow-up.
Results
The distribution of covariates and the cumulative incidence of hypertension for the entire cohort and by ADM group is shown in Table 1 . In the entire cohort, the mean age Ϯ standard deviation of patients was 46.4 Ϯ 15.6 years; 68.8% were white, 63.2% were female, 47.5% were married, and 58.4% had a high nSES.
As shown in Table 1 , the cumulative incidence of hypertension was 12.4% during the observation period. The cumulative incidence of hypertension, which ranged from 12.1% to 13.5% in patients without ADM and in those taking ADM-BPϩ, was not significantly associated with ADM group. Older age, white race, female sex, and high nSES were significantly more common among patients who received an ADM. Married patients were significantly more common among patients not exposed to an ADM. Current smoking, substance use disorder, depression, any anxiety disorder, obesity, hyperlipidemia, type 2 diabetes, and vascular disease were all significantly more common among patients who received an ADM than among those who did not receive an ADM.
Results from Cox proportional hazard models of the association between ADM groups and time to incident hypertension are shown in Table 2 . Unadjusted results revealed that the ADM-BPϩ group were significantly more likely than the no ADM group to develop hypertension (HR, 1.30; 95% CI, 1.08 -1.57). No association was found between ADM-BPϪ and incident hypertension. After adjusting for all covariates, the association between the ADM-BPϩ group and incident hypertension was no longer statistically significant (HR, 1.20; 95% CI, 0.97-1.49).
Discussion
In a cohort of 6244 primary care patients without hypertension at baseline, we observed that the use of ADMs traditionally associated with increased BP corresponded to a 30% increased risk of incident hypertension. After adjusting for covariates, however, this association decreased in magnitude and was no longer statistically significant as a class.
These findings are not entirely in line with previously published data on this topic. Prior studies showed a positive relationship between SNRIs/ TCAs and elevated BP. 5, 23, 34 In the case of SNRIs, this relationship was dose-dependent: higher doses were associated with a greater magnitude of BP elevation. The most significant effects have been noted at doses typically considered to be supratherapeutic. 23, 24 Such doses would be less likely in a primary care setting, which may help explain why our findings differ. In fact, several studies showed no change in BP in patients treated with therapeutic doses of venlafaxine. [25] [26] [27] Studies of duloxetine showed no or clinically insignificant blood pressure elevations with therapeutic dosing. 28 -30 The literature on TCAs varies and includes findings ranging from elevated BP to orthostatic hypotension. [31] [32] [33] [34] [35] A study by Licht et al 5 showed increased rates of BP elevation in patients taking SNRIs and TCAs. Our study differs in that we relied on a diagnosis of hypertension to identify patients, whereas Licht et al relied on BP measurements at a single clinic visit. By using the diagnosis of hypertension, we decreased the likelihood that spurious BP elevations, which are not uncommon in normotensive patients, were diagnosed as hypertension. The use of a diagnosis code also enabled us to capture instances of masked hypertension, which would be missed with BP checks at a single visit. Similar to our results, Licht and colleagues found a diminished effect after adjusting for covariates, though their findings did remain significant after adjustment. Data are n (%) unless otherwise indicated. ADM, antidepressant medication; BPϪ, no effect on blood pressure; BPϩ, increases blood pressure; SD, standard deviation; SES, socioeconomic status.
TCAs are now infrequently used to treat depression and anxiety. In fact, a recent study surveying prescribing data from 2006 to 2015 in Quebec, Canada, found that TCAs are prescribed for depression and anxiety only 2.7% and 1.5% of the time, respectively. Some of the most common uses for TCAs include chronic pain, insomnia, and migraine. 9 Similarly, SNRIs have indications outside the realm of depression and anxiety. It is possible that prior studies, which primarily focused on patients in a psychiatric setting, would have had fewer patients taking ADMs for nonpsychiatric purpose and more patients taking higher doses. This may partly account for the inconsistent findings in our primary care sample compared with results from studies using a primarily psychiatric population.
Limitations
While the use of the 3-level exposure variable allowed us to compare ADMs with BP effects versus those without, we lacked a sufficient sample size to estimate the risk of hypertension due to a specific ADM class or individual medication. Other limitations are intrinsic to the retrospective cohort design. We did not have access to data for filled ADM prescriptions (vs those prescribed), and it is not possible to draw conclusions regarding the duration of ADM use associated with incident hypertension. We recognize that a single prescription does not fully account for characteristics of ADM exposure and does not capture characteristics of ADM use, such as duration, which may contribute to hypertension. Additional research is necessary to determine whether higher dose and longer duration of use of an ADM-BPϩ are associated with incident hypertension. The limited geographic region and academic medical setting limit generalizability. Finally, a risk of misclassification exists if patients left our health care system and developed hypertension. This possibility would bias results to the null and thus our HRs may be conservative.
Conclusions
Our results suggest that patient characteristics associated with receiving an ADM may account for the observation that ADMs with BP-altering effects could lead to hypertension. We lacked a sufficient ADM, antidepressant medication; BPϪ, no effect on blood pressure; BPϩ, increases blood pressure; CI, confidence interval; HR, hazard ratio; SES, socioeconomic status. *ADM treatment and comorbidities were treated as time-dependent variables.
number of patients to model the risk of hypertension as a function of specific ADMs and we were unable to test whether ADM duration or dose were associated with incident hypertension. Our findings are hypothesis generating, and future research should focus on the potential of long-term use of ADMs with strong BP effects to lead to hypertension in primary care. Given the differences between prior prospective controlled studies and our realworld analysis, further investigation into the relationship between these extremely common parts of primary care practice is warranted. 
